Alleviation of hepatic fat accumulation by betaine involves reduction of homocysteine via up-regulation of betaine-homocysteine methyltransferase (BHMT).
We investigated the anti-lipogenic effect of betaine in rats fed methionine and choline-deficient diet (MCD). Intake of MCD for 3 wk resulted in a significant accumulation of hepatic lipids, which was prevented by betaine supplementation in drinking water (1%). Phosphorylation of AMP-activated protein kinase (AMPK), acetyl-CoA carboxylase (ACC), sterol regulatory element-binding protein-1c (SREBP-1c), and liver kinase B1 (LKB1) was inhibited by MCD intake, and these changes were all inhibited by betaine feeding. Meanwhile, betaine supplementation reversed the reduction of methionine and S-adenosylmethionine (SAM), and the elevation of homocysteine levels in the liver, which could be attributable to the induction of betaine-homocysteine methyltransferase (BHMT) and methionine adenosyltransferase (MAT). Different cell lines were used to clarify the role of homocysteine on activation of the AMPK pathway. Homocysteine treatment decreased pAMPK, pACC, pSREBP-1c and pLKB1 in HepG2 cells. Metformin-induced activation of AMPK was also inhibited by homocysteine. Treatment with hydroxylamine, a cystathionine β-synthase inhibitor, resulted in a reduction of pAMPK, pACC and pSREBP-1c, accompanied by an elevation of intracellular homocysteine. Betaine treatment prevented the homocysteine-induced reduction of pAMPK, pACC, pSREBP-1c and pLKB1 in H4IIE cells, but not in HepG2 cells. Also the elevation of cellular homocysteine and inhibition of protein expression of BHMT were prevented by betaine only in H4IIE cells which express BHMT. The results suggest that the beneficial effect of betaine against hepatic lipid accumulation may be attributed, at least in part, to the depletion of homocysteine via up-regulation of BHMT in hepatocytes.